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PROCESS FOR THE PRODUCTION OF SORBENT
SOLIDS FOR USE IN THE DESULFURIZATION
OF GASES

CROSS REFERENCE TO RELATED
APPLICATION |

This application is a continuation-in-part of my co-
pending U.S. application Ser. No. 509,781, filed Sept.
27, 1974, now abandoned, which in turn was a continua-
tion-in-part of U.S. application Ser. No. 403,950, filed
“Oct. 5, 1973, now abandoned. This application is also

. closely related to the subject matter of the Patrick J. Mc
- Gauley U.S. Pat. No. 3,917,800, the dlsclosure of which -

is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

This invention relates to a method of preparing im-
proved sorbents for the removal of sulfur compounds
from sulfur-bearing gases.

Air pollution with sulfur dioxide is a major problem
in the United States today. Sulfur dioxide is objection-
able principally because above relatively low concen-
trations it is toxic to human beings and animals and is
destructive to vegetation. Sulfur dioxide and its oxida-
tion products, sulfur trioxide and sulfuric acid, are a
major source of acidity in rain and fog which in turn can
be corrosive. |

Industrial plants that utilize sulfur-bearing commer-
cial fuels such as coal or residual oil in the production of
glass, lime, cement, ceramics, metals, and/or electric
power, etc., are major sources of sulfur dioxide emis-
sions to the atmosphere. Moreover, plants that utilize
these raw fuels as feed materials in the production of
refined fuels or chemicals such as coke, ammonia, meth-
anol, formaldehyde, methane, and industrial gases also
involve the production of reducing gases containing
hydrogen, carbon monoxide and hydrogen sulfide.

Objectionable sulfur dioxide-bearing gases also are
generated as waste gases in the smelting of sulfur-bear-
ing minerals, the refining of sulfur-containing crude oils,
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2

Wet processes of the type discussed above, however,
generate sulfur-bearing solutions and/or slurries that
must be either regenerated or discarded as waste. More-
over, the combined treatment and regeneration pro-
cesses are expensive in both capital and operating costs,

‘and the sulfur-bearing effluents, when discarded, fre-
- quently generate alternate water pollution problems.

The scrubbing of gases in‘contact with solutions also
involves cooling the gases to temperatures near to or
below the boiling point of the scrubbing liquor. Wet

- processes, therefore, have the disadvantage of both
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the synthesis of sulfuric acid, the sulfonation of hydro- -

carbons, the production of sulfur by the Claus process,
the production of paper by way of a wood-pulping
process, and similar industrial processes.

Furthermore, the discharge of gas streams containing
sulfur dioxide into the atmosphere constitutes a waste of
a useful material because the sulfur content thereof is a
potentially useful industrial commodity. Currently, tens
of millions of tons of sulfur oxides are released into the
atmosphere over populated regions of the United States
each year. Thus, the recovery of some of this sulfur
either as such or in another form could result in the
accumulation of a supply of useful chemicals of signifi-
cant value. '

Many processes are available and/or have been pro-
- posed both for the removal of sulfur dioxide from oxy-
gen bearing combustion gases and/or for the removal of

hydrogen sulfide from reducing gases. Most of these 60

processes involve scrubbing the gases in contact with
organic or aqueous solutions of alkaline chemicals to
extract the acid sulfur compounds by either physical
and/or chemical reactions between components of the
gases and hquids. The reactive chemicals utilized in
these processes include ammonia, organic amines, and

oxides, carbonates and sulfites of alkali and alkaline
earth metals.
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- operating at low temperatures and of generating prod-

uct gases that are saturated with water vapor. More-

~over, if these cold gases are released to the atmosphere

they will remain near ground level, and frequently will
pollute the local ambient air more seriously than would
the untreated but hot flue gas.

The wet processes are particularly disadvantageous
when utilized in the treatment of hot gases. Moreover,
when utilized in the desulfurization of gases such as the
hot reducing gases from the partial combustion of sul-
fur-bearing coal or fuel oil, etc., these processes are
unusually costly in heat transfer equipment and wasteful
in energy consumption.

Other processes that have been either utilized or
proposed for use in the desulfurization of either com-
bustion gases containing sulfur and oxygen, and/or
reducing gases containing hydrogen sulfide, involve
contacting the gases with dry solid sorbents. Processes
of this type may be sub-divided into general classifica-
tions as follows:

a. Processes that utilize the physical properties of
sorbents such as activated alumina, activated car-
‘bon, and silica gel, and operate at low tempera-
tures; and

b. Processes that utilize minerals and chemicals such
as dolomite, magnesite, calcite, siderite, magnetite,
hematite, bauxite, lime, soda ash and/or magnesia,
etc., as solid sorbents containing components that
react chemically with sulfur compounds in the gas,
and operate at relatively high temperatures.

Processes of the type described in (a) above, which
operate at low temperatures, have disadvantages similar
to those of the wet processes described previously.
Moreover, sorbents that utilize the physical properties
of solids to separate components of gases, are generally
low in capacity, low in operating life, and costly both to
produce and to regenerate.

Processes of the type described in (b) above, which
utilize dry minerals and/or chemicals as active sorbents
for sulfur from gases, have been pmposed for use, and
some have been used commercially in the desulfuriza-
tion of both combustion gases containing oxygen and
oxides of sulfur, and reducing gases containing carbon
monoxide, hydrogen, and hydrogen suifide. Some of

‘these processes have involved addition of the sorbents

to the combustion fuel, and discard of the reacted prod-
ucts with the ash or residue from the combustion fur-
nace. Other similar processes have involved partial
oxidation of the fuel with air or oxygen and steam,
desulfurization of the reducing gas products in contact
with the solid sorbents, and discard of the spent sorbent
as solid waste.

The minerals or chemicals utilized in the above type
of processes, such as limestone, lime, dolomite or soda
ash, etc., generally are employed at a ratio higher than
stoichiometric to sulfur in the fuel, and the finely di-
vided of the reacted solids are difficult to separate from
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the gas. Moreover, the large quantities of sorbent used
in these processes are costly to obtain, and the spent
sorbents are costly to discard as solid waste, and after
discard are a potential source of water pollution.

When commercial fuels such as coal or residual o1l
are utilized as raw materials in the production of ammo-
nia, methanol, methane, fuel gas, or combined cycle
electric power, etc., an early step of the conversion
process generally involves partial combustion of these
fuels with air or oxygen and steam, to produce hot
reducing gases containing hydrogen and carbon monox-
ide. Moreover, when the available fuels contain sulfur,
the hot reducing gases are contaminated with hydrogen
sulfide and carbonyl sulfide, etc., and generally must be
desulfurized for use in the synthesis or conversion pro-
cesses. |

Conventional processes for the desulfurization of hot
reducing gases of the above type, generally involve
cooling the hot gas, desulfurizing the cooled gas 1n
contact with aqueous solutions of alkaline chemicals,
and reheating the desulfurized gas for use in the conver-
sion processes. Processes of this type generally utilize
heat exchange equipment of alloy construction, and
generally are costly in capital investment and wasteful
in energy consumption.

Alternative processes for the desulfurization of re-
ducing gases in contact with minerals or chemicals at
high temperatures have been proposed, and some of
these processes have been test operated in pilot plant
equipment. Most of these processes involve the use of
limestone or dolomite as a sorbent for sulfur, and in-
volve chemical reactions between calcium in the miner-
als and sulfur in the gas to produce calcium sulfide
and/or calcium sulfate 1n the reacted solids.

Processes of the above type, however, utilize calcium
at a high ratio to sulfur on a stoichiometric basis, con-
sume large quantities of sorbents, and generate large

quantities of solid waste. Moreover, both the calcium
sulfide and sulfate components of the spent sorbent are

both highly stable and unusually costly to regenerate
for reuse as sorbents in the process.

In view of the increasing demand for energy, the
decreasing supply of low sulfur fuels, and the large
known reserves of sulfur-bearing coal, there is an in-

creasing demand for a low cost process for the desulfur-
1zation of sulfur-bearing gases.

SUMMARY OF THE DISCLOSURE

This disclosure describes a process for the prepara-
tion of dry solids that are both suitable for contacting
with gases in gas-solids contacting equipment, and have
unusual properties for use in the desulfurization of sul-
fur-bearing gases. The preferred solid sorbent products
are the tron-bearing and the calcium-bearing solids, and
both of these are capable of desulfurizing either oxygen-
bearing combustion gases, or hydrogen-bearing reduc-
Ing gases. Moreover, both also are effective with either
type of gases when contacted at various temperatures
between 150° and 1800° C. The iron-bearing prepared
sorbents, when utilized in the desulfurization of oxygen-
bearing gases at temperature of contact below about
550° C., preferably are prepared from iron-bearing sol-
ids containing either ferrous sulfate or iron oxides gen-
erated from 1ron sulfates at temperatures below about
750° C., and these solids generally contain both iron
oxides and iron sulfates.

This disclosure describes procedures for utilization of
the improved sorbent solids in the desulfunzation of
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either of the above types of gases. It also describes
procedures for regenerating the spent sorbents from the
desulfurization of either type of gases in contact with
the iron-bearing sorbents. The calcium-bearing sorbents
are either discarded as solid waste, or are regenerated
by processes other than those described in this disclo-
sure.

This disclosure also describes procedures for generat-
ing refractory solids for use as diluent materials in the
iron-bearing sorbents, and procedures for utilizing these
sorbents in the desulfurization of reducing gases at tem-
peratures above 750° C.

All desulfurization processes that are utilized for the
purpose of air pollution control are essentially negative
in economic impact, and most conventional processes
are unusually costly in operating economy. The features
of the process of this invention that significantly im-
prove economy and efficiency of operation and simulta-
neously distinguish it from all known alternative pro-
cesses are summarized as follows:

1. The combination of mechanical and chemical pro-
cedures utilized in accordance with the invention in
preparation of the sorbent solids and their use in the
desulfurization of gases, are unusually high in perform-
ance and low in both capital and operating costs, In
comparison with the procedures of all known conven-
tional alternative processes.

2. The procedures of the new process enable the
repeated recycle, regeneration, and reuse of sorbent
solids and, in comparison with all known alternative
processes, the demands for new solid feed to the sorbent
preparation process, and thus the cost of raw materials
in the desulfurization of gases are unusually low.

3. The novel procedures for the preparation and use
of solid sorbents in the process of this invention, enable
the utilization of either iron or calcium compounds as

both the major and the chemically effective compo-
nents of the prepared sorbents. Moreover, both of these

compounds normally are commercially available as
major components of industrial minerals, chemicals,
and/or waste materials at costs that are attractively
low.

4. The sorbent preparation procedures of this inven-
tion provide dry sorbent solids that are highly effective
in the desulfurization of either oxygen-bearing combus-
tion gases, or hydrogen-bearing fuel gases. These solids
are non-corrosive to_process equipment under most
operating conditions and, when utilized for the desul-
furization of combustion gases at power generating
facilities, can be proessed in equipment fabricated from
low cost structural materials. In comparison with the
“wet scrubber” desulfurization processes utilized in
conventional power plants, the desulfurization pro-
cesses utilizing the materials of this invention have capi-
tal and maintenance costs that the unusually low.

5. The sorbent preparation and regeneration proce-
dures of this invention, when utilized in power generat-
ing plants as described in (4) above, have important
economic advantages deriving from low demands for
operating supplies and from minimum requirements for
the disposal of wastes. In additional, there are advan-
tages to be derived from the production of marketable
sulfur and from increased output of marketable power
from the primary fuel supply. Net power generating
costs can thus be significantly reduced, in comparison to
the conventional.

6. The processes of this invention, when utilized in
conjunction with power generating facilities as de-
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scribed in items (4) and (5) above, further enable the
utilization of lower quality, higher sulfur fuels (of which
there are large known reserves) at significant savings in
the cost of the fuel. -

7. The process of this invention, when utilized in
conjunction with the desulfurization of reducing gases
at fow gas-solids contacting temperature (below about

350° C), and compared with certain commercially avail- -

able alternative processes, is at least marginally attrac-
tive in economic impact. However, when utilized in

conjunction with the desulfurization of reducing gases

at temperatures between 350° and .750° C, the proce-
dures of the invention become increasingly attractive in
operating economy with | mcreasmg temperatures of the
available gases. -

8. When iron-bearing sorbents are prepared in the
above process, and are intended to be contacted with
reducmg gases at temperatures above about 750°: C,
magnesitm and/or aluminum bearing diluent material
are uttlized as part of the new fee material. These com-
ponents, after conversion to their inert oxides by proce-
dures of the process, eliminate certain mechanical prob-
lems in the gas-solids contacting equipment, and permit
the sorbents to be utilized in the regenerative desulfur-
ization of these gases. In comparison with all known
alternative processes for the desulfurization of reducing
gases obtained from the partial combusticn of fuels at
temperatures above 750° C, this process is essentially
unique in currently available technology. When such
sorbents are utilized in combined cycle power genera-
tion from coal, and in other industrial applications that
utilize gasification processes in the treatment of sulfur-
bearing fuels, it provides for increased recovery of en-
ergy from the fuel, and significant saving in the produc-
tion cost of clean fuel gases. '

9. When the sorbent materials of the invention are

utilized 1n the regenerative desulfurization of either
“oxygen-bearing combustion gases or hydrogen-bearing
fuel gases, both magnetite-bearing solids, and hot gases
high in concentration of sulfur dioxide and favourable
for use as fee in the production of either acid and/or
sulfur, are obtained as products of the process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a flow diagram showing one operation for
providing agglomerated sorbent materials according to
the invention.

FIG. 215 a flow dlagram illustrating the preparation
and regeneratwe utilization of agglomerated sorbent
materials in conjunction w1th the desulfurization of an
oxidizing gas.

FIG. 3 is a flow diagram illustrating the preparatlon

and regenerative utilization of agglomerated sorbent

materials and in conjunction with the desulfurization of
a reducing gas and an oxidizing gas.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

This invention provides a process for preparing dry,
sorbent solids that are suitable in both particle size and
phys:eal and mechanical properties for contacting with
gases in gas-solids contacting equipment. These solids
also have unusual properties for use as sorbents for
sulfur compounds from dilute sulfur-bearing gases. The
sorbent products are uniquely suitable for use in the
desulfurization of either oxygen-bearing combustion
gases or hydrogen-bearing reducing gases. Moreover,
both are effective at various ranges of gas-solids con-
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6

tacting temperatures between the practical limits of
150° and 1800° C. |

The general process for preparing dry sorbent solids

according to the invention involves the following steps:

a. Finely divided solids, containing suitable sorbent

- materials, are mixed with water, sulfuric acid, or

 aqueous mixtures containing sulfuric acid. The

- mixed liquids and solids are blended at tempera-

- tures below 100° C. and at ratios sufficient to gener-

~ ate moist agglomerated solids which contain water

soluble. or. reversibly hydratable compounds of

.. such solids. The agglomerated solids are essentlally

" free of particles smaller than ten microns in size.
~ b. The moist agglomerated solids are sized, to sepa-
 rate particles larger than one-quarter inch in diame-
- ter; the smaller particles are collected as a prcduct
- of the sizing ‘procedure.
" ¢. The moist product solids collected in the sizing
" procedure are contacted in a reactor with gases at
temperatures between 80° and 300° C. to evaporate
water from the interior of particles, and thus to
generate porous agglomerated dry solids. These
solids are high in both mechanical strength and in
aggregate surface area.
d. The dry solids are then classified to remove parti-
cles smaller than 200 microns in diameter.
e. The classified solids are collected as the pnmary
product of the sorbent preparation process.
In a preferred embodiment of the invention, the clas-

sification of particles in step (d) i carried out in and

simultaneously with contacting step (¢) by operating
the reactor at a gas flow rate that elutriates from the bed
of the reactor, the available particles smaller than 200
microns in diameter.

In other embodiments, the process may involve the
addition of one or all of the following procedural steps:

f. The oversize solids from the sizing step may be
crushed and recycled as part of the feed to the
sizing step.

g. The solids elutriated from the bed of the reactor
may be separated from the gas in gas cleaning
equipment,  and the clean gas discharged to the

- -atmosphere -as an effluent of acceptable quality.

h. The solids collected at the gas cleaner may be

~ recycled for use as part of the recycled feed to the

- mixing and agglomeration procedures.
~ Sorbent solids prepared in accordance with the pro-
cess of this invention include those solids which are
suitable for absorption of sulfur from gases containing
the same. In general, the sorbents are reactive with
sulfur and absorb sulfur by forming a new chemical
compound as will be described more fully below.

Examples of solid sorbents wich-can be prepared in
accordance with the process of the invention include
the oxides and hydroxides or iron, calcium, sodium,
magnesium, manganese, copper, etc. Iron is a particu-
larly preferred sorbent solid prepared by the process of
the invention and 1t 1s utilized as iron oxide, ferrous
sulfate or mixtures thereof. Although the foregoing are
known sorbents for sulfur, the sorbent preparation pro-
cess of this invention significantly improves the capac-
ity and usefulness of the sorbents for the desulfurization
of gases in commercial scale operations.

When iron-bearing sorbents are the desired product
from the sorbent preparation process, finely divided
iron-bearing minerals or industrial materials such as
limonite, hematite, magnetite, siderite, pyrrhotite, iron
oxides, sulfates or sulfides may be utilized as the feed
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materials to the mixing step, and the aqueous mixture
generally will contain iron sulfate or iron carbonate.
Iron sulfates in the feed materials are utilized as the
~active components of the cement in the agglomeration
procedure of the sorbent preparation process.

When the iron-bearing sorbent products from the
preparation process are utilized in the desuifurization of
oxygen-bearing combustion gases containing, for exam-
ple, SO, or SO;, the prepared sorbents must contain
either ferrous sulfate or active iron oxides such as those

generated from iron sulfates at temperatures below 750°
C., and preferably below 650° C. Active iron oxides of
the desired type can be generated from iron sulfate-
beanng solids by regeneration procedures described in
copending application Ser. No. 403,953, filed Oct. §,
1973, the disclosure of which 1s incorporated herein by
reference. Moreover, the dry solid feed to the sorbent

10
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The particles of iron sulfide-bearing spent sorbent are
relatively low in melting temperature, and when pro-
cessed in desulfurization equipment at gas-solids con-
tracting temperatures above about 750° C, these solids
have a tendency to become adhesive and to obstruct the
mechanical performance of the equipment. We have
found that finely divided magnesium and/or aluminum
compounds, and/or certain types of fly ash, when uti-
lized as diluent components of the new iron-bearing
feed to the sorbent preparation process, have permitted
mechanical operation of the gas-solids contacting equip-
ment at temperatures up to at least 1200° C.

We have found that finely divided minerals and/or

- chemicals such as megnesite, high magnesia dolomite,

preparation process normally will contain this type of

iron oxide as a major component.
The 1iron oxide-containing sorbent products, prepared

according to the invention, are used in the desulfuriza-

tion of oxygen-bearing gas at contacting temperature

below 550° C. and preferably below 450° C. This desul-

furization process normally generates a product gas of
reduced suflur content which is acceptable for dis-
charge to the atmosphere, from oxygen-bearing feed
~ gases generated by the combustion of sulfur-bearing
fuels. The resulting product solids generally are high in

20

25

magnesium carbonate, oxide, and/or hydroxide etc.,
and bauxite, aluminum oxide, and/or hydroxide etc.,
and high magnesia and/or alumina-bearing fly ash etc.,
are effective diluent components of the new iron-bear-
ing feed to the sorbent preparation process. Morover,
we have found that the magnesium and aluminum com-
ponents of the above diluent materials in the feed, are
converted to the chemically inert oxides of magnesium
and aluminum by procedures of the process, and that
these oxides do not participate significantly in the chem-
ical reactions of the desulfurization and regeneration

~ procedures.

content of ferric sulfate, and this product may be

formed by chemical reactions such as the following:
1. 2FeSO, + SO, + O, = Fe,(S0,);
2. 2Fe3 04 + 980, 4+ 50, = 3Fey(S0,);
3. 2Fe,0; + 30; 4+ 680,; = 2Fe,(S0,);
4. 2Fe;O, + 40, + 7SO, + 280, = 3Fe2(so;)3

S. 2FCS’O4 H;O + 01 + 501 = FC:(SO;); - 2H10

The 1ron-bearing product solids from the sorbent
preparation process also may be used to reduce the
sulfur content of reducing gases. The sulfur in these
gases may be present in the following forms: H,S, COS,
RSH, R;S, or RSSR wherein R is an organic radical.

When the iron-bearing product solids from the sor-
bent preparation process are used in the desulfurization
of such reducing gases at contacting temperatures
below about 750° C., the sorbents are prepared as de-
scribed above. The desulfurization of reducing gases by
this process generates product gases that are acceptable
for industrial use as a desulfurized fuel. The resulting
product solids ‘generally are high in content of iron
sulfides which may be formed by chemical reactions
such as the following:

6. Fe,05 4+ 2H,S + H; = 2FeS 4 3H,0

1. FeyO, + 3H,S + H, = 3FeS + 4H,0

8. Fe,0y + 2H,S + CO = 2FeS + 2H,0 + CO,
9. Fe;04 + 3C0OS + CO = 3FeS + 4CO,

10. Fe;O( + 4H; = 3Fe + 4H,0

11. Fe + H,S = FeS + H,

12. FeS + H,S = FeS, + H,
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The regeneration process which may be utilized in
this invention to prepare active iron oxides for use in the
sorbent preparation process, involves the production of
Fe;0,-bearing solids from iron sulfate-bearing feed ma-
terials under controlled conditions of temperature and
gas composition. This process, which is described more
fully in copending application Ser. No. 403,953, filed

- QOct. 5, 1973, involves contacting the iron sulfate-bear-

ing spent sorbents from the desulfurization of oxygen-
bearing gases, with both reducing agents and air in
gas-solids contacting equipment. The reducing agents
may be either solid, liquid, or gaseous carbonaceous
fuels of commercial quality, and preferably are hydro-
gen-bearing reducing gases generated from one or more
of the commercial fuels. The reducing agents may in-
clude iron sulfide-bearing minerals and/or iron sulfide-
bearing solids. Thus, an active iron oxide sorbent may
be regenerated from a mixture of iron sulfate and iron
sulfide. .

The regeneration of iron oxide also involves supply-
ing each component of the total combined solid, liquid,
and gaseous feed to the reaction zone of the regenerator
at ratios that provide both oxygen and reducing agents
(or fuel) both in quantities and at stoichiometric ratios in
the reaction zone, that satisfy the following conditions:

a. Provide exothermic heat sufficient in quantity to
maintain the temperature of the reaction zone be-
tween the limits of 400° and 750° C., and preferably
between about 550° and 650° C.;

b. Generate product gases containing both sulfur
dioxide and reducing agents at ratios that approach
the equilibrium composition of gases in contact
with FeiO, at the operating temperature of the
reaction zone; and

c. Generate reactive Fe;O, as a major component of
the iron oxide-bearing product from the reaction
zone of the process.

The product gas from the reaction zone of the regen-

erator i1s high in content of sulfur dioxide and essentially
free of oxygen. The product solids are high in content
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of Fe;O4 which may be generated by chemlcal reactions
such as the following;:

13, 3FCSO4 -+ 2H2 FE304 - 2H20 ~+- 3502

14. 3FeSO, + 2CO = Fe;0, + 2CO, + 35S0,

15. 3Fe,(SO,); + 10H, = 2Fe;0, + 10H,0 + 9SO,
16. 3Fe)(SO,); + 10CO = 2Fe;0, + 10CO; + 9SO,
17. Fe,(SO,); + FeS = Fe 0, + 4S0,

18. 2FeSO, + FeS + O, + Heat = Fe;0, + 3S0,

19. 3FeS + 50, = FeyO, + 35S0, + Heat

The regeneration of Fe;O4 from the iron sulfide-bear-
ing spent sorbents from the desulfurization of reducing
- gases In contact with iron-bearing prepared sorbents is
accomplished by oxidation of the spent sorbent. More-
over, when both iron sulfate and iron sulfide-bearing
spent sorbents are available, these sorbents are mixed,
and the iron sulfide 1s utilized as both fuel and reducing
agent, as indicated by the chemical reactions of equa-
tions 17-19 above.

‘When the available supply of iron sulfate-beanng
spent sorbent is insufficient in quantity to cool the reac-
tion zone by the endothermic reactions for generating
iron oxides from iron sulfates, the excess heat is re-
moved by the generation of steam in heat exchange
equipment. Moreover, when the regenerated Fe;O,
bearing product from this process is to be used as sor-
- bent in the desulfurization of reducing gases at tempera-
tures above 750° C,, the temperature of the reaction
zone may exceed the maximum allowable temperature
for the regeneration of iron sulfate-bearing spent sor-
bents, as described previously.

- The above process for the regeneration of iron-bear-
ing spent sorbents from the desulfurization of gases,
when combined with the primary sorbent preparation
process of the invention, provides a uniquely advanta-
geous combined process. As will be apparent from the
previous description and discussion, this regenerative
combined process is highly flexible and generally is
suitable for use in conjunction with the desulfurization
of either oxygen-bearing effluent gases from the com-
bustion of sulfur-bearing fuels, or sulfur-bearing reduc-
ing gases generated from these fuels.

When significant quantities of iron sulfates are avail-
able from industrial wastes, the combined process of the
~'invention is capable, in conjunction with its use in the
desulfurization of gases, of also generating both iron
and sulfur products of saleable commercial quality,
from the iron and sulfur content of the iron sulfates.
This application of the process involves use of the avail-
able iron sulfate as new feed to the sorbent preparation

part of the prepared sorbent product from this process.
When this prepared product is contacted with gases
containing both oxygen and oxides of sulfur, ferrous
sulfate from the new feed is capable of extracting oxides

of sulfur from the dilute gas, as indicated by equations 1

and §, producing ferric sulfate.

When the ferric sulfate-bearing products from the
desulfurization process are used as feed to the regenera-
- tor, the 1iron content of the iron sulfate is recovered as

part of the active Fe;O,-bearing iron oxide product
~ from this process. This product generally contains sul-
fur in excess of the allowable sulfur content of iron
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process, and recovery of this component of the feed as 35
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‘oxide products of commercial quality. When significant

quantities of iron sulfates are used in the new feed to the
combined process, product from the regenerator con-
taining iron equivalent to the iron content of the iron
sulfate feed, 1s removed for further desulfurization.

The above fraction of the Fe;04-bearing product
from the regenerator is contacted with air in gas-solids
contacting “stripper”’ equipment. A fraction of the Fes.
O, in the feed to this “sulfur stripper” is converted to
Fe,0O;1n the product. Heat from the oxidation reactions
Increases the temperature of the reaction zone to a level
generally above 750° C., and high enough to remove the
remaining undesirable sulfur, by chemical reactions
such as the following:

20. 4Fﬁ304 4 02 == 6FE203 -+~ Heat
21. 4FeS + 70, = 2Fe, O3 + 450, + Heat
22. 2Fe;(504)3 4+ Heat = F8203 + 3803

23. 2Fe;0, + SO; = 3Fe,0; + SO, + Heat

- When calcium-bearing sorbents are desired for use in

the desulfurization process, finely divided raw materials
such as limestone or dolomite, and/or calcined lime-
stone or dolomite are utilized as the new solid feed to
the sorbent preparation process, and the aqueous mix-
tures may contain calcium compounds. Either gypsum
and/or calcium hydroxide in the feed materials is uti-
lized as the active components of the cement in the
agglomeration procedure of the sorbent preparation
process.

The calcium-bearing product solids from the sorbent
preparation process are suitable for use in the desulfur-
ization of either oxidizing or reducing gases. Although
these sorbents are effective at temperatures between
theoretical limits of about 200° and 1800° C., they gen-
erally are used at contacting temperatures between 300°
and 1000° C. The operating procedures of the sorbent
preparation process enable the production of sorbent
products suitable for use in any desired type of gas-sol-
ids contactlng equipment. The equipment selected for
use in the desulfurization process generally will be de-
termined by properties of the available gas. .

When calcium-bearing sorbents are utilized in the
desulfurization of oxygen-bearing gases, the spent sor-
bents are high in content of calcium sulfate and/or
calcium sulfite. These components may be formed by
chemical reactions such as the following:

24. CaCO; + SO; = CaSO; + CO,
25. 2CaC03 + 280, + 0, = 2CaSO, + 2CO,

' 26. CaO + SO, = CaSO,

27. Ca0 + SO, = CaSO,

28. Ca(OH), + SO, = CaSO, + H,0

29. Ca(OH); + SO, = CaS0O; + H,0O

30. 2Ca(OH); + SO, 4+ O; = 2CaSO, + 2H,0

When the calcium-bearing sorbents are utilized in the
desulfurization of reducing gases, the spent sorbents are

high in content of calcium sulfide. This component may
be formed by chemical reactions such as the following:
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3L CaCOy + H;8 = Cas + CO; + H,0
32. Ca0 + H,8 = CaS + H,0
33. Ca0O + COSs = (as + CO,
34, CalO; + COS = Cal§ + 2CG,

The finely divided solids generated in the gas con-
tacting equipment used 1n either of the above desulfur-
1zation processes are separated from the product gases.
A major fraction of these solids generally are recycled
for use as part of the recycled feed to the mixing and
agglomeration procedures of the sorbent preparation
process.

When the spent sorbent products from the above
desulfurization processes are regenerated by any avail-
able process that utilizes gas-solids contacting equip-
ment, the finely divided solids elutriated from this
equipment generally are recovered from the product
gas. A major fraction of these elutriated solids generally
1s recycled for use as feed to the mixing and agglomera-
tion procedures of the sorbent preparation process.
Moreover, an addttional fraction of the sorbent solids
from the regeneration process generally are pulverized
and recycled for use as part of the feed to the agglomer-
ation procedures of the sorbent process. These solids
generally contain densified particles that have become
inert to chemical reactions with gases, presumably be-
cause the low surface area of the solids does not provide
sufficient surface for contact with the gases.

The densified and inert solids discussed above fre-
quently are found as components of sorbents that have
been subjected to repeated changes in temperature
when contacted with different gases i regenerative
processes involving chemical reactions between gases
and solids. When the above type of densified inert solids
are pulverized and utilized as part of the feed to the
sorbent preparation process of this invention, the origi-
nal sorbent properties of the inert components are re-
generated. Moreover, the combined products from the
preparation process are not significantly different in
sorbent properties than products generated from feed
materials that are essentially free of densified and inert
components.

The sorbent preparation process of this invention, as
applied to the production of iron-bearing sorbents suit-
able for use in the desulfurization of combustion gases,
1s illustrated on the flow diagram of FIG. 1, and is de-
scribed 1n detail with reference to this figure, as follows:

The available dry feed materials utilized in the prepa-
ration of the sorbents generally include both new and
recycled iron oxide and/or iron sulfate-bearing solids.
These solids may be combined with reactive Fe O,
(magnetite) bearing solids obtained from the decompo-
sittion of iron sulfates and/or iron sulfide from the ab-
sorption processes previously described, and are fed
either to the Pulverizer as indicated by line 101, or
when sufficiently finely divided, are fed directly to the
Agglomerator as indicated by line 103.

The finely divided products from both the Pulverizer
and the Gas Cleaner also are fed to the Agglomerator as
indicated by lines 102 and 104, respectively.

Water, sulfuric acid, and/or aqueous mixtures of
solutions containing iron and sulfur compounds are fed
to the Agglomerator as indicated by line 105, and mixed
and blended with the dry solids in the Agglomerator at
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ratios that generate “green” pellets or agglomerates or
porous moist solids that are essentially free of particles
smaller than ten microns in diameter.

The “green’ pellets or agglomerates are fed from the
4 gelomerator (o a Sizer as indicated by line 106. Parti-
cles larger than one-quarter inch (and preferably larger
than one-eighth inch) in diameter are considered over-
size and are separated from the product and fed to the
Crushier as indicated by hine 109, In the Crusher, the
large particles are reduced in size and recycled to the
Sizer as indicated by line 110. The smaller product from
the Sizer 1s fed to the Dirier-Classifier as indicated by
line 111.

In alternative embodiments, the wet solids produced
in the Agglomerator may be fed directly to the Crusher,
as indicated by broken line 107, Alternatively, the moist
green solids from the Agglomerator may be fed directly
to the Drier-Classifier, as indicated by lines 188 and 111.

In the Der-Classifier, the green agglomerates are
charged to a moving bed reactor such as a fluid bed
reactor and contacted with a stream of sulfur-free gas
fed as indicated by line 112. Water is evaporated, sur-
face area is created by expulsion of the water from the
interior of the particles, the partially water soluble ce-
ment (iron sulfate) between finely divided solids in the
agglomerated particle 1s *“‘cured”, and the moist soft
feed 1s converted to hardened agglomerated particles of
dry porous sclids that are high in both surface area and
mechanical strength, and when contacted with sulfur-
bearing gases, are suitable as sorbents for sulfur com-
pounds.

The hot sulfur-free gas utilized 1n the Drier-Classifier
15 controlled in temperature to remove the desired quan-
tity of water from the solids, and in flow rate to remove
undersized particles of solids from the product by elutn-
ation from the fluid bed.

The dry solids that remain in the bed of the fluid bed
Dirier-Classifier are withdrawn as the prepared sorbent
product of the process, as indicated by line 113, and are
avallable for use in the gas treatment processes de-
scribed above. The gas-solids mixture from the Drier-
Classifier 1s fed to the Gas Cleaner as indicated by line
114 where the elutriated sohids are separated from the
gas, and the clean gas is discharged to the atmosphere as
indicated by line 115. The solids removed from the gas
in the Gas Cleaner are recycled to the Agglomerator as
indicated by line 104,

When the sorbent preparation process described
above 15 to be utilized for the desulfurization of oxygen
and suifur-bearing combustion gases, recycled iron sul-
fate product, and iron oxides obtained from the low
temperature decomposition of iron sulfates, are em-
ployed as major components of the feed. Moreover, the
recycled feed materials generally will contain, as a
major component, activated magnetite (Fe;O,) bearing
solids. Water soluble components such as iron sulfates
generally will be used as cement between particles of
finely divided solids in the agglomeration procedure,
and the recycled feed materials generally will contain
iron sulfates.

The uttlity of the iron-bearing sorbent solids of this
invention for desulfurizing oxygen-bearing combustion
gases and for generating both effluent gases acceptable
tor discharge to the atmosphere, and both iron and
sulfur products of commercial guality from objection-
atle industrial effluents, is iliustrated in FIG. 2, and is
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described in detail with reference to this figure, as fol-
lows: . | - |
- Available new iron sulfate, iron oxlde and/or 1ron-
bearing solids recycled from the gas treatment process
including the iron ox1de-bear1ng solids obtained from
the decomposition regenerator and/or the iron oxide
Purifier illustrated in FIG. 2, are fed to the Sorbent
Preparation system, as indicated by line 201. Additional
undersized solids reclaimed from Gas Cleaners A, B,
and C alao are fed to the sorbent preparation process, as
indicated by line 202. The Sorbent Preparation system
of FIG. 2 comprises procedures such as illustrated in
FIG. 1. As an alternative in FIG. 2, the prepared sor-
bent fed to the Absorber, as indicated by line 203 in
FiG. 2, may be replaced by line 113 representing the
‘prepared sorbent removed from the Drier-Classifier in
FIG. 1 thereby mccrporstmg the flow sheet of FIG. 1
into FIG. 2. In addition to the prepared sorbent fed to
the Absorber as indicated by line 203, recycled solids
containing highly active magnetite (Fe;O,4) from the
‘Decomposition Regenérator are fed to a gas-solids con-
tacting reactor system w1th1n the Absorber as 1nd1cated
by line 204. | |

Both new and recycled dilute sulfur dioxide {less than
2% S0,) and oxygen-bearing combustion gases also are
fed to the Absorber, as indicated by lines 205 and 2086,
respectively. The gas is reacted with the solids at tem-
peratures between about 250° and 550° C., and prefer-
ably between 325° and 450° C. to generate, as products
of the Absorber, both ferric sulfate-bearing solids, and a
combustion gas reduced in sulfur content. The spent
sorbent solids from the Absorber are charged to a gas-
solids contacting Decomposmon Regenerator, as indi-
cated by line 208. Fuel gas and air also are added to the
feed materials, as indicated by lines 209 and 210, respec-
tively. The feed rates of both gases and solids to the
Decomposition Regenerator are regulated in quantity
to generate temperatures between about 300° and 750°
C. and preferably between 500° and 650° C. in the reac-
tion zone of the decomposition equipment. Moreover,
the ratio of the solid and gaseous feed materials to the
reaction zone of the Decomposition Regenerator pro-
vide oxidizing. and reducing agents at stoichiometric
ratios that promote the formation of iron oxides, and
generate chemically reactive Fe;O,4 as a major compo-
nent of the iron oxide-bearing product of the decompo-
sition reactor. In additon to the chemically reactive
Fe;0,, the decomposition regenerator also produces a
gas high in content of sulfur dioxide. |

When new iron sulfate is utilized as a feed to the
sorbent preparation process, for example, when there is
an abundant source of iron sulfate available to the pro-

cess from other sources, at least a fraction of the magne-

tite-bearing product from the decomposition regenera-
tor is fed to gas-solids contacting reactor of the iron
oxide Purifier, as indicated by line 211. Process air also
1s fed to this Purifier, as indicted by line 212, and said air
is reacted with the magnetite in quantttles sufficient to
remove the remaining sulfur from the iron oxide prod-
uct. The ess'entially sulfur-free iron oxide product from

the Purifier is discharged as product from the process,
as indicated by line 214. | |

The remaining fraction of the magnetite-bearing

- product from the decomposition regenerator is recycled

to the absorber, as indicated by line 204. Although not
indicated in FIG. 2, when the magnetite-bearing prod-
uct from the decomposition regenerator becomes deac-
tivated by densification and loss of surface area, a frac-
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tion of this product is recycled to the sorbent prepara-
tion process rather than to the absorber. The process
steps of the sorbent preparation process described in
FIG. 1 are successful in reducing the density of the solid
product and increasing surface area, thereby regenerat-

1ng the reactive properties of these solids.

‘Also exiting from the Absorber in FIG. 2 1s a gas
reduced in sulfur content that contains fine solids elutri-
ated from the bed of the Absorber by the gas. The sol-
ids-bearing, but essentially sulfur-free product gas from
the Absorber, is fed to Gas Cleaner A as indicated by

‘line 207. The contained solids are separated from the

gas and recycled to the sorbent preparation process, as
indicated by lines 216 and 202. The clean gas i1s dis-
charged to the atmosphere, as indicated by line 218.
-The concentrated sulfur dioxide and solids-bearing
product gas from the Decomposition Regenerator is fed
to Gas Cleaner B as indicated by line 215. The solids are
separated -from the gas and recycled to the Sorbent
Preparation process, as indicated by lines 217 and 202.
The sulfur dioxide-bearing clean gas from Gas Cleaner
B 1s used as feed gas to either the Claus Plant and/or to
the Acid Plant, as indicated by lines 218 and 221. In the
Claus Plant, the sulfur dioxide gas from Gas Cleaner B

1s reacted with fuel gas fed to the Claus Plant as indi-

cated by arrow 222, to produce elemental sulfur. In the
Acid Plant, the sulfur dioxide gas reacts with air sup-
plied, as indicated by line 223, to produce sulfuric acid
of commercial quality. The acid is discharged as a prod-
uct of the process as indicated by line 226. The sulfur-
bearing tail gases from both the Claus Plant and the

'Acid Plant are recycled to the Absorber as indicated by

lines 2285, 227 and 206.
The dilute sulfur dioxide and solids-bearing product

gas from the iron oxide Purifier is fed to Gas Cleaner C,

as indicated by line 213. The solids are separated from
the gas and recycled to the sorbent preparation process,
as indicated by line 219. The dilute sulfur-bearing but
solids-free product gas from Gas Cleaner C 1s recycled
to the Absorber, as indicated by lines 220 and 206.
Should the combined feed gas to the Absorber be low in

content of oxygen, process air is added to this gas

stream as indicated by discontinuous line 228.
An example of the combined process of this invention
utilizing the iron oxide sorbent prepared in accordance

with the process of the invention for desulfurizing sepa-

rate streams of hot reducing gases and oxygen-bearing
combustion gases is illustrated on the flow diagram of
FIG. 3 and 1s described in detall with reference to this
figure as follows:

A hot reducing as containing hydrcgen, carbon mon-
oxide and hydrogen sulfide is fed to a gas-solids contact-
ing desulfunizer, as indicated by line 301. Iron oxides
from the Decomposition Regenerator also are fed to the
Desulfurizer as indicated by line 302. The solids are
reacted with the feed gas to generate product solids
containing iron sulfides and a reducing gas containing
less sulfur than the initial reducing gas.

Although not indicated in FIG. 3, a portion or all of
the tron oxide-bearing solids from the Decomposition

‘Regenerator may be oxidized to hematite (Fe,O;) in
.contact with atr at low temperature before the solids are

recycled as indicated by line 302 to the Desulfurizer, by
line 308 to the Sorbent Preparation system, and by line
313 to the Absorber.

‘When iron-bearing prepared sorbents are to be uti-
lized in the desulfurization of reducing gases at gas-sol-
ids contacting temperatures above 750° C, magnesium
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and/or aluminum oxides, hydroxides, carbonates and-
/or sulfates are used as part of the new feed to the sor-
bent preparation procedures of the process. Moreover,
the molecular ratio of magnesium and/or aluminum to
iron in the new feed materials is increased with each
increase in the operating temperature of the gas-solids
contacting desulfurization absorber. This ratio may
approach or exceed 50% at gas-solids contacting tem-
peratures in excess of 1000° C. The total supply of solids

to the sorbent preparation procedures of the process

contains both new feed materials, as indicated by line
306, and previously utilized sorbent solids recovered
from the Decomposition Regenerator and/or the gas

cleaning equipment, as indicated by lines 308 and 307,

respectively,

The porous dry agglomerated products from the
Sorbent Preparation system described previously with
respect to FIG. 1 are fed to the Absorber as indicated
by line 309. A fraction of the iron sulfide-bearing prod-
uct from the Desulfurizer also is fed to the gas-solids
contacting Absorber as indicated by line 304. The re-
maining fraction of the iron sulfide-bearing solids from
the Desulfurizer is fed to the Decomposition Regenera-
tor as indicated by line 305. Each of the above fractions
of the product from the desulfurizer is utilized as fuel in
the Absorber and as fuel and a reductant in the Decom-
position Regenerator. The quantity of each portion 1s
determined by the thermal requirements of each process
and the heat balance of the combined process. Sulfur-
bearing stack gases containing sulfur dioxide and oxy-
gen are fed to the Absorber as indicated by line 310.
Process air also is used in the Absorber as required by

the proces and as indicated by lines 312 and 311. The
sulfur-bearing gases are reacted with the feed solids in
the Absorber to generate product solids that contain

ferric sulfate and gases of reduced sulfur content.

The iron sulfate-bearing product from the Absorber
1s fed to the Decomposition Regenerator as indicated by
line 330. Process air also is fed to this regenerator as
indicated by line 314 and is utilized in quantities that
provide oxygen sufficient to react with the available
iron sulfide in the solid feed. The products from this
process are iron oxide-bearing solids high in content of
Fe;04and a gas high in concentration of sulfur dioxide.
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The sulfur dioxide-bearing product gas from the De- 45

composition Regenerator is fed to Gas Cleaner C as
indicated by line 318. The solids are separated from the
gas and recycled to the sorbent preparation process as
indicated by lines 316 and 307. The clean sulfur dioxide
product gas from Gas Cleaner C is fed to either the
Claus Plant and/or to the Acid Plant, as indicated by
lines 317 and 318. Reducing gas from Gas Cleaner A,
may be fed to the Claus Plant as indicated by line 319,
and elemental sulfur may be produced and removed as
indicated by line 321. Process air 1s fed to the Acid Plant
as indicated by line 320, and the sulfuric acid product is
removed as indicated by line 322. Sulfur-bearing tail
gases recovered from both the Claus Plant and the Acid
Plant are collected and recycled to the Absorber, as
indicated by lines 323, 324 and 311.

The hot reducing gas from the Desulfurizer, which
may contain finely divided solids, is fed to Gas Cleaner
A as indicated by line 303. The solid are separated from
the gas and recycled to the sorbent preparation process,
as indicated by lines 328 and 307. The clean reducing
gas product from Gas Cleaner A, to the extent it is not
used in the Claus Plant, is discharged for industrial use

or marketed as a fuel gas as indicated by line 326.

35
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The product gas from the desulfurization absorber,
which contains solids but is essentially free of objection-
able quantities of sulfur compounds, 1s fed to the Gas
Cleaner B, as indicated by line 327. The solids are sepa-
rated from the gas and recycled to the sorbent prepara-
tion process, as indicated by lines 328 and 307. The
clean product gas is discharged to the atmosphere as an
effluent of acceptable quality as indicated by line 329.

The following examples illustrate the procedures of
this invention. Unless otherwise indicated, all parts and

percentages are by weight.

EXAMPLE 1

Finely divided (— 200 mesh) iron-bearing dry sohds
containing both iron oxides generated from iron sulfate
at temperature below 750° C., and about 10% by weight
of finely divided ferrous sulfate are blended to provide
a uniform mixture. Water is added to the above mixture
in the form of a finely divided spray, and the solids and
liquids are mixed in a mechanical blender to generate
moist agglomerated solids that are essentially free of
individual particles smaller than ten microns in diame-
ter.

The above agglomerated solids are sized on twenty
mesh screens, the oversize particles are crushed and
recycled to the screens, and the smaller solids are col-
lected as the useable product of the agglomeration and
sizing procedures of the process.

The above collected useable product from the

screens is contacted with hot suifur-free gases at a tem-

perature of about 150° C. in the bed of a fluid bed reac-
tor. Water is thereby evaporated from the interior of the

particles, and the water soluble and reversibly hydra-
table iron sulfate-bearing cement between the finely
divided solids 1s cured. The gas stream to the fluid bed
is controlled in both temperature and flow rate to re-
move both the desired quantity of water from the solids,
and to elutriate from the fluid bed of the reactor, solids
smaller than about 200 microns in particle size.

In use, the above agglomerated and classified solids
are contacted with a gas containing about 0.5% SO,and
about 2.0% oxygen, at a temperature of about 450° C. in
the bed of a fluid bed reactor. The product gas from the
reactor contains about 200 ppm of total oxides of sulfur,
and the product solids from the bed contain ferric sul-
fate as a major component.

EXAMPLES OF REGENERATION PROCESS
EXAMPLE 2

Approximately 24,000 grams of the ferric sulfate-
bearing solids produced by the procedures of Example
1 and containing particles smaller than 48 mesh in maxi-
mum size, are processed in contact with a stream of gas
containing approximately 65% N,, 18.8% CO, 10%
CO,and 6.2% H,0 1n a fluid bed reactor at an operating
temperature of approximately 600° C., and over a con-
tinuous operating period of approximately six hours.

The average composition of the product gas from the
above test is approximately 22.0% SO,, 54.0% N,, 0.0%
CO, 22.0% CO,; and 2.0% H,0O during the above test
period. The average composition of the Fe;O,-bearing
product from the bed of the reactor is approximately
69.0% Fe, 1.09% S and 30.0% O,
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EXAMPLE 3

The procedures of Example 2 are repeated at an aver-
age operating temperature of 550° C in the bed of the
reactor. - "

The average composition of the product gas is ap-
proximately 17.0%, SO,, 60.0% N,, 0.1% CO, 20.0%
CO; and 2.9% H,0. The average composition of the
Fe;0,-bearing product from the bed of the reactor is
65.45% Fe, 2.67% S, with the remainder being O, and
miscellaneous impurities.

EXAMPLE 4

The ferric sulfate-bearing product from Example 1 1s
mixed with ferrous sulfide-bearing solids to produce
mixed iron-bearing solids in which approximately 10%

of the iron content is present in the form of ferrous
sulfide.

Approximately 200 grams of the above mixed solids
are heated to a temperature of approximately 600° C. in
contact with nitrogen for a period of approximately
three hours. The product solids from this procedure
contain 0.35% sulfur and the remaining companents are
iron and oxygen combined in the ratio of Fe;O0..

Although the invention has been shown and de-
scribed with respect to certain preferred embodiments,
equivalent operations and modifications will occur to
others skilled in the art upon the reading and under-
standing of this specification. The present invention
includes all such equivalent alterations and modifica-
tions and is limited only by the scope of the claims.

I claim:

1. A process for the preparation and utilization of
sorbent solids having particular utility in reducing the
sulfur compound content of combustion gases and re-
ducing gases, which comprises the steps of:

a. mixing (i) finely divided solids containing a com-
“pound, selected from the group consisting of iron
and calcium compounds, as an active component,
with (11) a hquid selected from the group consisting
of water, sulfuric acid, and solutions containing

sulfuric acid to produce agglomerated particles of
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moist solids that contain water soluble and revers- 45

~ ibly hydratable compounds, which solids are essen-
tially free of individual particles smaller than ten
microns in diameter,

b. drying the above agglbmer'ated moist solids by

contact with relatively sulfur-free gases in a fluid
bed drier, at temperatures between 80° and 300° C.,

- to remove the water therefrom and thereby to
produce porous dry solids containing agglomer-
ated particles high in surface area and to cure water
soluble and reversibly hydratable compounds and
thereby to produce particles high in mechanical
strength,

‘¢. modulating the flow rate of gas in contact with the
above solids to elutriate from the fluid bed of the
drier, a major fraction of the particles smaller than

~ about 200 microns in diameter,

| d. collecting a fraction of the classified, porous, ag-
glomerated, dry solids that remain in the bed of the
drier, as product of the sorbent preparation proce-
dures of the process,

e. utithzing the collected sorbent solids by contact
with sulfur-bearing gases in gas-solids contacting
equipment to generate, as products of the process,
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spent sorbent solids containing sulfur compounds,

- and a gas reduced in content of sulfur, and

f. repetitively regenerating and reusing at least a
major fraction of said spent solids.

2. The process of claim 1 in which,

a. the agglomerated particles of moist solids are sepa-
rated into at least two fractions on the basis of
particle size,

b. the ovesize particle fractions are crushed to the

~ desired particle size, and

c. the crushed product is utilized as part of the feed to
the drying step.

3. The process of claim 1 in which

a. finely divided solids in the product gases from
gas-solids contacting procedures of the process are
separated from the gases, and

b. major fractions of these separated solids are recy-
cled for use as part of the feed to the mixing and
agglomerating step.

4. The process of claim 1 in which,

a. a fraction of the sulfur compound-bearing spent
sorbent solids from the utilizing step is regenerated
in contact with gases, and

b. at least a fraction of the regenerated sorbent is
recycled directly as part of the feed to the utiliza-
tion step.

5. The process of claim 4 in which,

a. a fraction of the regenerated solids i1s recycled as
part of the feed to the mixing and agglomerating

- step.

6. The process of claim 5 in which,

a. a fraction of the regenerated solids is reduced in
partlcle size prior to recycle as part of the feed to
the mixing and agglomerating step, to minimize
accumulation of densified, inert particles as a func-
tion of repetitive regeneration and recycling.

7. The process of claim 1 in which,

a. calcium compounds are the active component of
the prepared sorbent, and

b. at least part of the feed to the mixing and agglomer-
ating step comprises finely divided calcium-bearing
industrial materials, selected from the group con-
sisting of limestone, lime and dolomite.

8. The process of claim 1 in which,

~a. iron compounds are the active component of the

prepared sorbent, and

b. at least part of the feed to the mixing and agglomer-
ating step comprises finely divided industrial mate-
rials, selected from a group of such materials con-
taining iron sulfates, iron sulfides, iron oxides, 1iron
hydroxides, iron carbonates, and metallic iron as
major components.

9. The process of claim 8 in which,

. at least part of the iron-bearing feed to the utilizing

step comprises iron oxides that are generated from

‘ron sulfates at temperatures of generation below

700° C, and under conditions that provide Fe;O4as
a major component of the iron content of the re-
generated oxides.

10. The process of claim 9 in which,

a. the feed gas to the utilization step 1s at temperatures
between 250° and 550° C and contains both oxygen
and oxides of sulfur.

11. The process of claim 8 in which,

fo

~a. the feed gas to the utilization step is a reducing gas

containing hydrogen sulfide,
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b. iron sulfide-bearing spent sorbent from the utiliza-
tion step is regenerated by oxidation in contact
with air, to produce iron oxide, and

c. a fraction of the regenerated sorbent solids 1s recy-
cled for use as part of the iron-bearing feed to the
utilization step.

12. The process of claim 11 in which,

a. the iron sulfide-bearing spent sorbent solids are
regenerated in contact with both air and solids that
contain iron sulfates.

13. The process of claim 12 in which,

a. iron sulfide-bearing spent sorbent solids from the
utilization step are regenerated under conditions
that produce Fe;O,4 as a major component of the
iron oxide content of the regenerated sorbent.

14. The process of claim 11 in which,

a. the reducing gas is desulfurized at temperatures
above 750° C and in contact with prepared iron-
bearing sorbent solids that contain finely divided
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particles of chemically inert or refractory oxides of
magnesium and/or aluminum intimately dispersed
within particles of porous agglomerated iron-bear-
ing solids.

18. The process of claim 14 in which,

a. the iron-bearing feed matenals to the sorbent prep-
aration step contain finely divided industrial mate-
rials, selected from the group conisting of materials
that contain oxides, hydroxides, carbonates, and
sulfates of magnesium and aluninum as major com-
ponents, and

b. the magnesium and aluminum compounds are con-
verted to refractory oxides in agglomerated parti-
cles of the sorbent solids.

16. The process of claim 1 in which,

a. a fraction of the product gas from the utilization
step os recycled for use as part of the feed gas to
the drying step.

%
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